ABSTRACT. Transfer of molecular markers is widely used in conservation genetic studies. We investigated the transferability of simple sequence repeat (SSR) markers developed for Enterolobium cyclocarpum to E. contortisiliquum, a tropical tree widely distributed in dry forests. A set of 9 evaluated SSR markers were amplified in E. contortisiliquum and the degree of polymorphism was assessed in 8 trees sampled from each of 5 populations from central Brazil. All loci were polymorphic and the mean number of alleles for all loci was 6. In addition, all pairs of SSR markers were in linkage equilibrium. For most loci, the observed heterozygosity was higher than the expected heterozygosity under Hardy-Weinberg equilibrium, with fixation indices not significantly different from zero. The combined probability of paternity exclusion was high and the probability of identity was very
INTRODUCTION
Molecular markers are an efficient tool for detecting polymorphism at the DNA level. Many molecular markers are available, but studies with microsatellite or simple sequence repeats (SSRs) have increased during the last decade. SSR molecular markers have many advantages because they are highly polymorphic, robust, codominant, and easily detected by polymerase chain reaction (PCR). In addition, SSR markers are widespread in genomes (Goldstein and Schlotterer, 1999) . Despite these positive qualities, however, the development of SSR markers is time-consuming and expensive. Therefore, cross-species amplification is an effective alternative for the application of this molecular tool to the study of ecological issues in high-diversity tropical ecosystems because it eliminates the labor and cost involved in developing SSR markers for new species (Cristofani-Yali et al., 2011) . Because of the rapid fragmentation of natural habitats and the long time needed to develop SSR markers, the transferability of these molecular markers among related species is an efficient tool for protecting and managing populations. SSR molecular markers can provide important information that is used by conservation genetics to evaluate and monitor species (Frankham et al., 2002) .
Heterologous amplification of SSR markers has been successfully applied to the genetic analysis of tropical tree species (Zucchi et al., 2002) . The transfer of polymorphic markers in plants is mainly successful within genera. Many studies have demonstrated the use of SSR markers developed from one species to another of the same genus. This transfer occurs because of sequence conservation in the primer sites flanking the microsatellite loci and the stability of those sequences during evolution (Dayanandan et al., 1997; Ciampi et al., 2008; Feres et al., 2009) .
Enterolobium contortisiliquum (Vell.) Morong (Leguminosae) is a poisonous tropical tree species that has been removed from natural areas owing to the advance of cattle production and agriculture in central Brazil. The ingestion of E. contortisiliquum pods is harmful to cattle, causing abortion and severe injuries in the skin, mainly in photosensitive places without pigmentation (Bonel-Raposo et al., 2008; Costa et al., 2009) . Therefore, many farmers have cut trees of this species near their ranches because the fruiting period of E. contortisiliquum occurs during the dry season, coincident with low forage availability. Molecular markers are needed to understand the effects of fragmentation and selective logging in this tree species and to generate useful information for its conservation.
To save time in E. contortisiliquum conservation, we aimed to evaluate in E. contortisiliquum the transferability and characterization of SSR molecular markers previously developed for Enterolobium cyclocarpum. These SSR markers may be a valuable tool for the investigation of the genetic diversity, mating system, gene flow, and spatial genetic structure of this species.
MATERIAL AND METHODS
Five populations of E. contortisiliquum in different tropical dry forests were sampled, 4 in Minas Gerais State (Unaí, Felícios dos Santos, Montes Claros and Manga, respectively, UNA, FES, MOC, and MAN) and 1 in Bahia State (Vitória da Conquista, VIC). The shortest distance between these populations was 170 km (between FES and MOC), and the longest was 674 km (between UNA and VIC; Figure 1) . In each population, expanded leaves from 8 reproductive trees of E. contortisiliquum were collected and stored in silica gel until DNA extraction. Genomic DNA extraction was carried out using a standard cetyltrimethylammonium bromide procedure (Doyle and Doyle, 1990) . The concentration of DNA extracted was quantified visually on 1.0% agarose gel through comparison with standard DNA concentrations. The DNA was diluted in TE buffer (10 mM Tris-HCl, pH 8.0, and 1 mM ethylenediaminetetraacetic acid) to a final concentration of 3 ng/µL before PCR amplifications. Nine microsatellite loci previously developed for the Guanacaste tree E. cyclocarpum (Peters et al., 2008) were used for PCR amplification in E. contortisiliquum. Microsatellite amplifications were performed in a 10-µL volume containing 10.0 µM of each primer, 1 U Taq DNA polymerase, 250 µM of each deoxyribonucleotide triphosphate, 1X reaction buffer (10 mM Tris-HCl, pH 8.3, 50 mM KCl, and 1.5 mM MgCl 2 ), 0.25 µg bovine serum albumin, and 9.0 ng template DNA. Amplifications were performed using a Veriti ® Thermal Cycler (Applied Biosystems) under the following conditions: 94°C for 5 min (one cycle); 94°C for 1 min, 54-58°C for 1 min (according to the primer), and 72°C for 1 min (35 cycles), and 72°C for 30 min (one cycle). The PCR products were genotyped on a 3500 Genetic Analyzer (Applied Biosystems) and were sized through comparison to a GeneScan TM 600 LIZ ® Size Standard (Applied Biosystems). Fluorescent PCR products were automatically sized using GeneMapper ® (Applied Biosystems).
SSR loci were characterized based on 40 adult individuals for the number of alleles per locus and observed and expected heterozygosities under Hardy-Weinberg equilibrium (Nei, 1978) . The inbreeding coefficient, for each locus and over all loci, was also estimated (Nei, 1978) . All pairs of loci were tested for linkage equilibrium. Analyses and randomization-based tests with Bonferroni's correction were performed with FSTAT 2.9.3.2 (Goudet et al., 1996; Goudet, 2002) . The probability of genetic identity (I) (Chakravaratt and Li, 1983) and the probability of paternity exclusion (Q) (Weir, 1996) were estimated for each locus, and the combined probability of genetic identity, IC = PIi, and combined probability of paternity exclusion, QC = 1 -[P(1 -Qi)], were estimated for the loci overall.
RESULTS
The set of SSR primers of E. cyclocarpum exhibited amplification in E. contortisiliquum under various annealing temperatures (Table 1 ). All loci were polymorphic, and the average allele number over all loci was 6, with the number of alleles ranging from three (Ency-21 and Ency-22) to 11 (Ency-24; Table 2 ). All microsatellite loci pairs were in linkage equilibrium (P > 0.001389, adjusted nominal 5% level with Bonferroni's correction). Table 1 . Description of simple sequence repeat primers developed for Enterolobium cyclocarpum and transferred to E. contortisiliquum with repeat motif of each loci, the allele size range founded in E. contortisiliquum for each loci and the annealing temperature (Ta) of each primer used for E. contortisiliquum.
For most loci, the observed heterozygosity was higher than that expected under Hardy-Weinberg equilibrium, with fixation indices not statistically different from zero (see Table 2 ). Nevertheless, the combined probability of paternity exclusion was high (QC = 0.9929) and the probability of identity was very low (~10 -36 ; see Table 2 ), showing that the battery of loci is appropriate for population genetic analyses. The cross-transferability of Guanacaste tree SSR markers to E. contortisiliquum observed in this study renders this set of primers useful for investigating the structure and genetic diversity of E. contortisiliquum populations.
DISCUSSION
SSR molecular markers derived from E. cyclocarpum were successfully transferred to E. contortisiliquum in our study, confirming that the regions flanking these microsatellites are conserved enough to permit locus amplification. The transfer of SSR markers is unequally distributed across taxa, but a high success of SSR transferability is found within plant genera (reaching rates close to 60% in eudicots) (Barbará et al., 2007) . The SSR transferability for Leguminosae species, including Enterolobium species, has been successfully reported. Six pairs of primers developed for the tropical rain forest tree Pithecellobium elegans could amplify SSR fragments in Enterolobium schomburgkii, and three of these could do so in E. cyclocarpum (Dayanandan et al., 1997) .
Our results show that the polymorphism level founded in E. contortisiliquum is satisfactory. In fact, the high percentage transfer capability of Guanacaste tree SSR markers to E. contortisiliquum observed in this study makes these molecular markers valuable tools for the investigation of the genetic diversity, mating system, gene flow, and spatial genetic structure of E. contortisiliquum populations.
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